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Surface Modifying Agents (SMA)s in Action 
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Surface Migration 
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♦ Entropy vs enthalpy 


Thermodynamic Response of SMA 
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Arrows indicate enthalpy-driven migration of LOW 
and HIGH surface energy components 
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Surface Migration 


♦ Entropy vs enthalpy 
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Wo hi, et. al. High Perform. Polym. 2012 , 24(1), 40-49. Wohl, et. al .J. App. Polym. Sci. B., 2015 , 132(9), 41538. 
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What Happens when Two SMAs Compete? 
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SMAs Influence on Contact Angle 4 S ^ 
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Designation 

Stoichiometric Composition, 

Advancing Water Contact Angle, 0 A 


Mole % of Monomer 

Air Side 

Plate Side 

BPDA Control 

BPDA and APB 

89 

90 

BPDA-1 

5% AEFO, 

5% DMS 

114 

108 

BPDA-2 

1% AEFO, 

1% DMS 

103 

92 

BPDA-3 

3% AEFO, 

3% DMS 

108 

98 

BPDA-4 

5% AEFO, 

1% DMS 

106 

94 

BPDA-5 

1% AEFO, 

5% DMS 
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BPDA-6 

5% AEFO, 

3% DMS 

93 
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BPDA-7 

3% AEFO, 

5% DMS 
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112 

BPDA-8 

0.5% AEFO, 

0.5% DMS 

105 

117 

BPDA-9 

3% AEFO, 

1% DMS 

103 

109 

BPDA- 10 

1% AEFO, 

3% DMS 

100 

94 
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Electron Dispersive Spectroscopy (EDS) 
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31.8 

41.5 

13.3 
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31.0 

38.3 

16.1 

6.7 

BPDA-4 
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Air 

29.2 

42.0 

18.8 

1.6 




Plate 

26.2 

30.6 

35.1 

2.2 

BDPA-5 
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Air 

31.9 

43.0 

9.1 

7.3 




Plate 

32.2 

44.2 

8.6 

6.4 

BPDA-6 
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3 

Air 

30.7 

40.0 

15.6 

5.2 




Plate 

25.6 

27.5 

36.0 

5.1 

BPDA-7 
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5 

Air 

29.6 

37.6 

17.4 

7.5 




Plate 

27.4 

35.9 

18.8 

10.7 


N content varied between 6 and 9% 
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EDS Mapping: Air Side 



♦ BPDA-4 

- 5% AEFO, 
1% DMS 

♦ BPDA-5 

- 1% AEFO, 
5% DMS 

♦ BPDA-7 

- 3% AEFO, 
5% DMS 

All % values are mole % 
monomer 



Nominal DMS-Mediated Domain Formation 
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EDS Mapping: Plate Side 


♦ BPDA-4 

- 5% AEFO, 
1% DMS 

♦ BPDA-5 

- 1% AEFO, 
5% DMS 

♦ BPDA-7 

- 3% AEFO, 
5% DMS 

All % values are mole % 
monomer 



Obvious AEFO-Mediated Domain Formation 
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SMAs Influence on Contact Angle 
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Designation 
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Kirchner, M.E. NASA CP-2487, 1987, Part 1, pp. 24-44. 
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What we know about Insect Adhesion 
Mitigation ... 


Langley Research Center 



♦ Existing commercial 
materials are not effective 


♦ Both surface chemistry 
and surface topography 
are important 



♦ Results are dependent on 
evaluation method 



Image from Wikimedia Commons 
Not copyright protected 



Wohl, et. al. Prog. Org. Coat. 2013 , 76, 42-50. Kok, et. al. Prog. Aerospace Sci. 2015 , 75, 1-14. 
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Operational Environment S 



Flightless fruit fly ( drosophila melanogaster) 
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Fruit Fly Residue Characterization 
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SMA Codependence, Constant AEFO 
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All % values are mole % monomer 


Based on available data, no clear dependence of remaining 

insect residue on Si content variation 20 



SMA Codependence, Constant Si 
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All % values are mole % monomer 

• At low Si content, increased AEFO was beneficial 
At increased Si content, increased AEFO was detrimental 21 



Summary & Future Work 
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♦ Summary 

- Inclusion of 2 SMAs revealed: 

- Preferential migration of AEFO to the glass side 

- AEFO facilitating DMS surface migration to the glass side 

- Differences in 0 A attributed to SMA concentration and copolymer 
segregation at the surface 

- Both SMAs interact to change insect residue adhesion and the net 
effect is still difficult to ascertain 

♦ Future Work 

- Explore more AEFO/DMS combinations including lower weight % 
values 

- Collect more insect impact data 

- Explore surface mechanical properties as they relate to SMA content 
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Fruit Fly Velocity Determination 
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